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FLIGHT TESTS TO DETERMINE THE EFFECT OF ATRFOIL SECTION PROFILE ///
AND THICKNESS RATTO ON THE ZERO-LIFT DRAG OF LOW-
ASPECT-RATIO WINGS AT SUPERSONIC SPEEDS

By Ellis Katz
SBMARY

Flight tests of alrplene-like mocdel configurations have been
conducted to determine the effect of alrfoil section profile and thick-
ness ratio on the zero~lift drag of low-aspect-ratio wings at supersonic
speeds. Five rectangular wings of 1.5 aspect ratio having NWACA 65-series
airfoll sections of from 0.C912 to 0.0300 thickness ratlo were compared
to determine the effect of thickness ratio. Three 45° sweptback wings
of 2.7 aspect ratio having circular-arc, diamond, and NACA 65-009 airfoil
sections of equal thickness ratios were compared to determine the effect
of section profile.

The results indicated that, for the round-noge NACA sections, a
decrease of thickness ratio resulted in a marked reduction of wing drag
vhich, however, was less than that indicated by the theoretical thickness-
squared relation for pure supersonic flow. Almost half the drag reduction
resulting from sweep was due to the decrease of the thickness ratio in
the free-stream direction. For both the rectangular and hs sweptback
-wings, the use of sharp-nose profiles resulted in greater drag than for
the round-nose NACA 65-009 airfoil sections, though the effect of profile
appeared very esmell for the swept plan form.

INTRODUCTION

As part of an NACA investigation to determine the zero-1ift drag of
airfoil surfaces at supersonic speeds, this report presents results of
* tests made to determine the effects of section thickness ratio and
proflle on the drag of low-aspect-ratic wings.

One of the means by which practicel flight efficiencies might
possibly be attained in the supersonic speed range 1s by the use of very
thin airfoll sectlion profiles. To determine the effect of section
thickness on the zero-1ift drag coefficient of rectangular wings, five
conflguretions have been tested with rectangular wings of differing
thickness ratios,
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As &8 further means of reducing the drag of wings at eupsrsonic
speeds, sharp-nose airfoil sections have been investigated, as given
in reference. 1. Theoretical consliderations indicate that sherp-nose
profiles might show lower drag at supersonic speeds than conventional
round-nose sections. At low supersonic Mach numbers, however, the
theory falls in accuracy end resulis must be obtalined by experiment.
Reference 2 presented a comparison between a circular-arc end NACA 65-009
airfoil section for a rectangular plan form. This report extends the
results of reference 2 to include comparisons between the diamond,
ciroular-arc, and NACA 65-009 airfoil sections for a 45° sweptback plan
form.

The wing dreg presented in this report includes mutual Interference
effects between wing and body. The Mach number range from 0.95 to 1l.3.
corresponds to a Reynolds number range from approximately 5 x 10
to 9 X 10° depending on wing chord and Mach number.

SYMBOLS

aspect ratio (b/c)

b wing span measured normal to plane of symmetry, feet

c wing chord measured parallel to plane of symmetry, feet
g sectlon thickness ratio

t section thickness, feet

A angle of sweepbgck, degrees

CDk wing-drag coefficlent
Cp viscous drag coefficlent

CDT total drag ccefficient

M Mach number

W burned-out weight of test model, pownds

a measured deceleration of test model, fest per second per second
g acceleration of gravity (32.1740 ft/secg)

s exposed wing plan-form area, sguare feet
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o) atmospheric density, slugs
v model velocity, feet per second
2] launching angle, degrees

MODELS AND TESTS

All test models were ldentical with the exception of the wings.
Photographs of the configurations tested are shown as figures 1 and 2.
The plan form of a1l wings was so located that the quarter-chord point
of the mean gecmetric chord was 3.4 diemeters rearwsrd of the base of
the nose. The wing surfaces were rotated 45° out of the plene of the
tall fins. A Mk.T aircraft rocket motor which develops approximetely
2000 pounds thrust for 1 second was housed within the cylindricel body.
Wood comstruction was used throughout.

Four conflgurations with rectenguler wings of A = 1.5 and
NACA 65-series airfoil sections were tested for the thickness-ratio
investigation. Three of the configurations hed wings with thickness
ratios equivalent to the streamwlse thickneass ratios for the 3u°, 45°,
and, 52° sweptback wings of referesnce 3. The test wings were actually

of 3 = 0.074k6, 0.0639, and 0.0557: and the exposed plan-form area was

1.277 square feet. A fourth configuration was tested with 0.03 thick-
ness ratio end exposed plan-form area of 1.385 square feet. For the
sectlon profile investigation, two configurations having 45° sweptback
nontapered wings of 2.7 espect ratio and 1.389 square feet exposed plan-
form area were tested with 9-percent-thick diamond and circular-arc
gections normel to the leading edge. TFigure 3 presents the diamond

and circuler-erc profiles of 9-percent thickness in comparison with

the NACA 65-009 eirfoil section profile.

The experimentel data were obtained by launching the model at an

engle of T5° to the horizontal and determining its velocity elong
the neerly straight-line flight path. The veloclity determination is
mede possible by a Doppler radar veloclmeter loceted at the point of
launching. The data were obtained from one test for the sweptback
circular-arc winged configuration and two or more tests for the remaining
configurations. The total drag coefficient values are derived from
the formula

o = 2W(a - g sin 6)

Dp gosve
The sine of the launching angle 8 is essumed to be equal to 1.00,
the resulting error being of the order of 0.5 percent and, hence,
considered negligible. The basic data for eech model of every configu-
ration tested sre plotted in figure 4 as CDT versus M. TFor each
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configuretion faired curves have been drawn through the basic data of
figure 4, and these curves will be used as the basis of the followlng

discussaion. -

RESULTS AND DISCUSSION

Thickness Ratlo

Curves of CDT versus M for the rectanguler winged configurations

are shown in figure 5 for % = 0.0756, 0.0639, and 0.0557 for which

S = 1.277 square feet, and in figure 6 for g = 0.0912 (reference 3)

and 0.0300 for which S = 1.380 square feet, Also included in figures 5
and 6 is the curve for the wingless configuration of reference k4 which,
however, is based on a wing area of 1.277 square feet in figure 5 end
1.389 sguare fest in figure 6. Other than being wingless, this configu-
ration is similar to the configurations of this report. ¥Figure 7-shows
the variation of CDw with M for five values of thickness ratio.

CDw is the increment in drag coefficient that results from the addlition

of a wing to a wingless confliguration. Although the wings of . 0.0912

and 0.0300  were of a slightly different exposed ares than the gemaining
test wings, the dlscrepancy 1s believed to have negliglble effect on

the comparative resulte. The curves show that thin wing sections are
definitely superlior to thick ones. The fact that the wings of

L. 0.0639 and 0.0557 do not appear in the correct order for M < 1.15

c
1s due perhaps to the inherently larger experimentsl inaccuracies near
M = 1.0 rather then to aercdynamic phenomena.

The results of figure 7 are cross-plotted in figure 8 to show the
variation of wing-drag coefficlent with thickness ratio and thickness
ratio squared at a Mach number of 1.20. The curves of figure 8 have
teen extrapolated to zerc thickness ratio where the wing~drag coefficient
1s equnl to the viscous drag ccefficient Cp . A value of Cp_ = 0.006

has been obtained from reference 5 for an assumed turbulent boumdary
layer at the Reynolds number of the tests. For M = 1.2, the curves

Indicate a nearly linear variatlon of .CDw with t/c throughout the test

range from I = 0.0912 to 0.0300 although it might be expected that the
c

variation beccmes nonlinear at very low values of t/b as la suggested

by the extrapolation. Reference 6 showeil that the pressure drag
coefficient of a wing 1n pure supersonic flow should theoretically vary
as the square of its thickness ratlo. Although the wings with WACA
f5-series airfoil sections are not theoretically in a pure supersonic
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flow field, owing to the rounded leading edges and detached nose
waves, 1t is of Interest to compare the experimental results for
transonic flow with the linearized theory for supersonic flow. When

plotted against (t/c)‘?‘, the theoretical variation was a straight line

which was made to pass through the experimen't%l value of CDW at
(§)? 000832 ana cCp, = Cp, = 0.006 at () =0. This theoretical
variation is shown as & dashed line in figure 8 for comperiscn with
the experimental variation. It is seen that the supersonic theory
predicts a greater drag coefficient decrement dune to a thickness ratio
reduction of the 9-percent-thick section than is experimentally
realized. It is possible that pert or all of this difference between
the experimental and theoretical variation may be due to the mutual
interfersnce effects mentiocned previously.

The effect of sweepback A was reported in reference 3 vwhere,
for the purpose of the investigation, aspect ratio, exposed plan-
form area, and airfoil sectlon normal to the leading edge were held
constant for various values of sweep. However, the decrement of CDW

between the unswept and sweptback wings of reference 3 may be considered
to be the end result of two Independent effects: first, a reduction

of the free-stream-direction thickness ratio of the rectangular wing

to the ratio corresponding to the swept wing and, second, a shearing
back of the reduced sections so that the leading edge is swept to the
desired A. Thete steps are diagrammatically shown in figure 9. The
resulte of reference 3 for M = 1.2 are plotted in figure 10 as the
varisation of CDW wlith the free-stream thickness ratio for wings having

varying degrees of sweepback. Also replotted in figure 10 is the curve
from figure 8 for M = 1.2 for which all wings were unswept. The lower
curve shows the sum result of the two effects mentioned above. The

first effect, that of the t/c reduction for the rectangular wing, is
shovn by the upper curve in figure 10 and is the result of the first
effect alone. The dlfference between the curves denotes the magnitude

of the second effect, that of shearing the reduced sections rearward to
the angle A. IExamination of the ourves reveels that the effect of

the t/c reduction in the free-stream direction contributes from approxi-
metely LO to 55 percent the total reduction due to sweepback. Thus,
the advantage of sweepback in the mamner described above is seen to lie
partly in the effect of creating thimmer alrfoll sections in the free-
stream direction.

Wing Section Profile:

In figure 11 are shown the curves of Cpp &gainst M for winged
configurations heving )+5° sweptback wings of diamond and circular-arc
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profiles. Also included ars the rectangular-wing configurations

for the NACA 65-009 and circuler-arc airfoll sectione from reference 2
and the swept-wing configuration with NACA 65-009 airfoil section
from reference 3. The wingless configuration, discussed in the
preceding section, 1s here based on a wing aree of 1.389 square feet.
All winged configurations had wings of equal exposed plan-form area
and 2.7 aspect ratioc. The sections were all Q percent thick in
plenes normal to the wing leadling edges. Lack of sufficlient data
prevented the inclusion of a configuration with rectangular wings

of diamond section. ch for the above configurations is presented

in figure 12 against M. The curves indicate that, whereas airfoil
section has a marked effect on the drag coefficlent of an unswept wing,
it has but 1little effect for a 45° sweptback wing. In both the swept
and unewept plan form, the wing with NACA 65-009 airfoil sections
shows somewhat less ch than do the sherp-nose airfoils. This

condition may, however, be reversed at higher Mach numbers where the
shock will attach itself to the nose of the sharp-nose airfolles.

CONCLUSIONS

Flight tests were conducted on ailrplane-like confligurations to
determine the effect on drag of wing section profile and thickness .
ratio. The Mach number range of the tests was approximately 0.95
to 1.3 corresponding to an average Reynolds number range from
approximately 5 X 10~ to 9 X 106. Within the scope of the tests, the
following effects on drag were notable:

1. A decrease in thicknese ratio resulted in a marked reduction
of wing drag.

2. Over the thlckness range investigated, the reduction of drag
with decreassing thickness waes less rapid for the round-nose airfoils
then indlicated by the theoretical thicknees-squared relation for
supersonic flow.

3. Almost half the drag reduction, due to sweepback, resulted
from the decrease of the sectlion thickness ratio in the free-stream
direction.

k. Although sherp-nose profiles showed greater drag for the rec-
tangular wings then did the NACA 65-009 alrfoil section profile, the



NACA BRM No, L7Kih - S 7

difference was very smsll for the h5° sweptback wings., However, the
sharp-nose sirfolls mey show lower drag at hi gher Mach mumbers where
the nose wave is sittached.

Langley Memorial Aercnauticsl ILaboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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Figure 1.~ Typical configuration used in thickness-ratio investigation.
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